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ABSTRACT

Chocolate spot caused by Botrytis fabae (Sard.) is the most important disease of faba bean in Egypt. All
tested concentrations of ascorbic acid had no significant inhibitory effect on tested fungus. Meanwhile, complete
reduction in linear growth was obtained with potassium carbonate (KHCO3) at concentration of 20mM. The
highest reduction was obtained with potassium carbonate at concentration of 10 mM and Di-potassium
hydrogen phosphate (K2HPO4) at 20 mM which reduced the linear growth by 76.8 and 82.6%, respectively.
Under field conditions, the highest reduction in disease severity was obtained with KHCO; and K,HPQO, at
concentration of 20 mM and the fungicide Redomil-plus which reduced the chocolate spot disease severity by
74.2, 71.2 and 72.7% during two successive growing seasons, respectively. Treated faba bean plants with
KHCO; and K,HPO, at concentration of 10mM resulted in reducing the disease severity by 57.5 and 54.5%,
respectively. As for faba bean yield the highest increase was obtained with KHCO; and K,HPO, at
concentration of 20 mM which recorded as 65.5 and 58.6% during the two successive growing seasons,
respectively. Treated faba bean plants with KHCO; and K,HPO, at concentration of 10mM and the fungicide
(Redomil-plus at 2g/L) resulted in increasing the faba bean yield by 49.1, 41.3 and 42.2%, respectively. All
concentrations of chemical inducers significantly increased the chitinase activity. The highest increase in
chitinase activity was obtained with KHCO3, and K,HPO, and ascorbic acid at concentration of 20mM which
recorded as 112.5 and 118.8 and 106.3%, respectively. The obtained results in the present study appears that an
urgent investigation of possible alternatives, environmentally safe, bioactive natural products are able to control
such diseases is possible.
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Introduction

Chocolate spot caused by Botrytis fabae (Sardina) is the most important disease of faba bean in Egypt. It is
considered one of the most economically important diseases that damage the foliage, limit photosynthesis
activity, and reduce faba bean production globally (Torres et al., 2004). Symptoms are varied, and range from
small spots on the leaves to complete blackening of the entire plant. Leaves are the main part of the plant
affected, but under favorable conditions for the disease it also spreads to stems, flowers and pods (Wilson, 2008
and Sahile, et al., 2008). Controlling this disease depends mainly on fungicidal treatments. However, the
environmental pollution caused by excessive use and misuse of agrochemicals, as well as fear-mongering by
some opponents of pesticides, has led to considerable changes in people’s attitudes towards the use of pesticides
in agriculture.

Many investigations concerning the use of abiotic factors for induction of plant resistance against several
diseases have been accumulated. Potassium salts (K,;HPO, or KNO3) as a chemical agent for induction of plant
resistance had great attention in many of these reports (Stromberge and Brishammar, 1991; Marin et al., 2002).
There has been considerable interest in the use of potassium bicarbonate (KHCO3) for controlling various fungal
diseases in plants (Karabulut et al., 2003 and Smilanick, et al., 2006). Bicarbonates are widely use in the food
industry (Lind say, 1985) and were found to suppress several fungal diseases of cucumber plants (Ziv and Zitter,
1992). Spraying with KHCOj solution provided the most effective protection against plant diseases (Fallilk et
al., 1996; Smilanick and Margosan, 1999; Smilanick, et al., 2006 and Abd-EIl-Kareem, 2007).

On the other hand, induction of resistance using phosphate was reported in many plants (Mucharromah and
Kuc, 1991; Reuveni et al., 1995 & 1996; Abd-El-Kareem et al., 2002 & 2004). Also, treatment of potato plants
with phosphate induced resistance against late blight disease and tended to positively influence yield and dry
matter (Stromberg and Brishammar, 1991). Spraying cucumber plants with K,HPO, (100mM) induced
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resistance against downy and powdery mildews and increased fruit yield per plant under commercial greenhouse
conditions (Abd-El-Kareem, 1998).

Furthermore, Ascorbic acid was reported for inducing resistance in many plants against root rot nematodes
(Arrigoni et al., 1979) and reducing fungal diseases (Daisy et al., 2000; Shahda, 2000; Khan et al., 2001 and El-
gamal, et al., 2007).

The main objective of the present research is studying the effect of potassium bicarbonate, potassium
phosphate and ascorbic acid against chocolate spot disease of Faba bean under field conditions.

Materials and Methods
Source of pathogenic fungus and faba bean seeds:

Pathogenic isolate of Botrytis fabae the causal agent of chocolate spot disease of faba bean was kindly
provided by Plant Pathology Department, National Research Centre, Giza, Egypt. Faba bean seeds cv. Giza 3
were obtained from the Department of Legumes Crop Research, Agricultural Research Centre, Giza, Egypt.

Laboratory experiments:
Chemical inducers and preparation of chemical solutions and seed treatments:

The chemical inducers used in the present study, Di-potassium hydrogen phosphate (KH,PQO,), Potassium
carbonate (KHCO,) and Ascorbic acid (CgHgOg were obtained from Sigma Aldrich Chemical Co. (St. Louis,
MO, USA). Aqueous solutions were prepared at concentrations of 5, 10 and 20 mM for each chemical inducer
by dissolving a known amount of inducers in sterile distilled water at room temperature (22-25°C) and mixing
with a stirrer for a few minutes to ensure complete dissolution, or until no granules were left.

Effect of chemical inducers on the linear growth of Botrytis fabae:

Three concentrations of each chemical, i.e. Potassium carbonate (KHCOj3), Potassium mono-hydrogen
phosphate (K,HPO,) and Ascorbic acid (CsHgOg Were tested for their inhibitory effect against the linear growth
of Botrytis fabae in vitro. A certain volume of prepared chemical solutions were added individually to conical
flasks containing sterilized PDA medium to obtain the proposed concentrations, then mixed gently and
dispensed in sterilized Petri plates (9cm—diameter). Plates were individually inoculated at the center with equal
disks (6-mm- diameter) of 10-days old culture of Botrytis fabae. Five plates were used as replicates for each
particular treatment. Inoculated plates were incubated at 25+2°C. The average linear growth of fungus was
calculated after 10 days.

Effect of chemical inducers on chitinase activity of faba bean:

Two concentrations of each treatment, i.e. 10 and 20mM of KHCO; and K,;HPO, and C¢HgOg were tested
for their effect on chitinase activity of faba bean plants.

Extraction of chitinase enzyme:

Chitinase activity was determined after 10 days of the second application. Extraction of enzyme from faba
bean leaves was done according to method of Tuzun et al., (1989).

Chitinase assay:

Chitinase activity was determined by colourimetric method of Boller and Mauch, (1988). Colloidal chitin
was used as a substrate and dinitrosalicylic acid as reagent to measure reducing sugars. Chitinase activity was
expressed as mM N-acetylglucose amine equivalent released/gram fresh weight tissue/60 minutes.

Field experiments:
Effect of chemical inducers on faba bean chocolate spot disease incidence:
Experiments were carried out at the Researches and experimental station (NRC) in Nubaryia region, Behera

Governorate, Egypt. Chemical inducers were applied as foliar spray on grown faba bean under field conditions
to study the possibility of their effect against chocolate spot disease severity. The obtained faba bean yield was
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also determined. Field experiments were conducted under natural infection in plots (4x8 m) each comprised of 8
rows (32holes/row) in a randomized complete block design with three replicates (plots) for each applied
treatment.

Two concentrations of each treatment, i.e. 10 and 20mM of KHCO; and K,HPO, and CgHgOs Were applied.
The fungicide, Redomil-plus at the recommended dose (2 g/L) was used as a reference to applied chemical
inducers.

All treatments were applied as foliar application on faba bean plants twice after 30 and 70 days of sowing.
While, fungicide was sprayed every 15 days started after 45 days from sowing.

Disease assessment:

Faba bean chocolate spot disease scale according to Wilson (2008) based on the leaf area infected was
modified as following scale:
0 = No leaf lesions
1 =25% or less infected leaf area
2 = 26 to 50% infected leaf area
3 =51 to 75% infected leaf area
4 =76 to 100 % infected leaf area.

Disease severity (DS) values were calculated after 60, 75 and 90 days of sowing using the following formula:
¥ (disease grade x number of plants in each grade)

DS (%) = X 100
(total number of plants x highest disease grade)

Determination of pod yield:
Faba bean yield (g/m?) for each treatment was determined.
Statistical analysis:

Tukey test for multiple comparisons among means was utilized for analyzing the obtained data (Neler et al.
1985).

Results and Discussion
Effect of chemical inducers on linear growth of Botrytis fabae:

Three concentrations of each treatment, 5, 10 and 20mM of potassium carbonate, di-potassium hydrogen
phosphate and ascorbic acid were tested for their inhibitory effect on linear growth of Botrytis fabae in vitro.
Results in Table (1) and Figure (1) indicate that all tested chemical had significant inhibitor effect on the tested
fungal growth. Concentrations of ascorbic acid had the lowest inhibitory effect on tested fungus. The minimum
linear growth (61.2mm) was recoprded at concentration of 20mM. Meanwhile, complete reduction in linear
growth was observed with KHCO; treatment at concentration of 20 mM. The highest reduction in mycelia
growth was recorded at concentrations of 10, 20mM of KHCO; and K,HPO, treatments, respectively. They
reduced the fungal linear growth down to 20.8 and 15.6 mm, in respective order.

Table 1: Effect of some chemical inducers on the linear growth of B. fabae in vitro.

Treatment Concentration (mM) Linear growth (mm)
5 48.6d
Potassium carbonate (KHCO3) 10 20.8e
20 0.0f
Di-Potassium hydrogen phosphate (K,HPO,) 5 74.8b
10 50.4 d
20 15.6e
5 82.8a
Ascorbic acid (CsHgOs) 10 72.2b
20 61.2¢c
Control 90.0a

Means followed by the same letter are not significantly different at P < 0.05.
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The current management strategy relies on the intensive use of fungicides. In addition, chemical control
could give satisfactory control of the disease, but it considered as one of pollutant factor to the human
environment. Therefore, concern of pesticides use with respect to human health and environment has brought
increasing interest in alternatives use by avoiding negative effect on the environment. The present research
focused on finding compounds that are safe to humans and the environment, e.g. chemical resistance inducers.
Results obtained in the present work showed effective inhibitor effect against the linear growth of B. fabae
under in vitro conditions. In this respect Ziv and Zitter,(1992) reported that potassium and sodium bicarbonates
showing inhibitory effects against several pathogenic fungi. In addition the bicarbonates salts has been shown
to have a considerable inhibitory effect on several fungi and causes the collapse of hyphal walls and shrinkage
of conidia (Punja and Grogan ,1982 and Ziv and Zitter, 1992). Similar results are also reported by Abdel-
Kader et al., (2012). They studied the in vitro inhibitor effect of potassium bicarbonate and di-potassium
hydrogen phosphate against the linear growth of various soil borne pathogenic fungi, A. solani, F. solani, F.
oxysporum, R. Solani, S. rolfsii and Pythium sp. They found that both potassium bicarbonate and di-potassium
hydrogen phosphate had inhibitor effect on the tested fungi which increased as their concentration are increased.
They also added that the tested fungal growth affected negatively with the increasing concentrations of the
evaluated chemicals. Complete inhibition of linear growth of all tested fungi was observed when di-potassium
hydrogen phosphate or sodium bicarbonate was added to the growth medium at concentration of 4%.
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Fig. 1: Reduction (%) in the linear growth of B. fabae in response to different concentration of some chemical
inducers in vitro.

Effect of chemical inducers on faba bean chocolate spot disease under field conditions:

Faba bean plants sprayed with Sodium carbonate, di-potassium hydrogen phosphate and ascorbic acid at
two concentrations of 10 and 20mM, in addition to the fungicide (Redomil-plus at 2g/L) for studying their
effect on chocolate spot disease severity under field conditions. Results in Table (2) and Figure (2) indicate that
all treatments significantly reduced the disease severity during the two successive growing seasons comparing
with untreated control plants. The fungicide treatment had superior effect on disease severity comparing with
chemical inducers treatments. The highest reduction was obtained with KHCO; and K,HPO, at 20mM and the
fungicide which reduced the chocolate spot disease severity (Fig.2) as 74.2, 71.2 and 72.2%, respectively.
Treated faba bean plants with KHCO3; and K,HPQ, at concentration of 10mM resulted in reduction of the
disease severity (Fig.2) as 57.5 and 54.5%, respectively during two growing seasons. Ascorbic acid application
showed moderate efficacy for reducing disease severity which calculated as 33.3 and 43.9% at 10 and 20mM,
respectively.

Many investigations concerning the use of abiotic factors for induction of plant resistance against several
diseases have been accumulated. Potassium salts (K;HPO, or KNOs) as a chemical agent for induction of plant
resistance had great attention in many of these reports (Stromberge and Brishammar, 1991; Yurina et al., 1993).
Also, Potassium bicarbonate (KHCO3) was reported for controlling various fungal diseases in plants (Karabulut
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et al., 2003 and Smilanick, et al., 2006). In this concern, spraying cucumber plants with K,HPO, induced
resistance against downy and powdery mildews and increased fruit yield per plant under commercial greenhouse

conditions (Reuveni et al. 1998; Mosa 1997).

Table 2: Effect of chemical inducers spraying on chocolate spots disease severity of faba bean plants under field conditions.

Chocolate spot disease severity
Treatment Concentration First growing season Second growing season Mean
10mM 13c 15¢c 1.40
KHCO; 20mM 0.8d 0.9d 0.85
10mM l4c 16c 1.50
K, HPO, 20mM 0.9d 1.0d 0.95
Ascorbic acid 10mM 2.2b 22b 2.20
20mM 18¢ 19cb 1.85
Redomil- plus 2g/L 09d 0.9d 0.90
Control 32a 34a 3.30

Means followed by the same letter are not significantly different at P < 0.05.

Furthermore, there has been considerable interest in the use of sodium bicarbonate, potassium bicarbonate
and potassium phosphate for controlling various fungal diseases in plants (Mucharromah and Kuc 1991;
Reuveni et al., 1995 a&b; Karabulut et al., 2003 and Smilanick et al., 2006). Spraying plants with either sodium
bicarbonate or potassium bicarbonate solution provided good control of several plant diseases (Janisiewicz and
Peterson, 2005; Smilanick et al., 2006 and Abd-El-Kareem, 2007).
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Fig. 2: Reduction (%) of chocolate spots disease severity of faba bean plants in response to chemical inducers
application under field conditions.

Induction of resistance using phosphate was reported in many plants (Mucharromah and Kuc, (1991),
Reuveni et al., (1995 a&b and 1996 and Abd-El-Kareem et al., 2002 and 2004). In the present study results
indicate that K,HPO,4 reduced the faba bean chocolate spot severity and increased the yield. In this respect, Abd-
El-Kareem (1998) reported that spraying cucumber plants with K,HPO, (100mM) induced resistance against
downy and powdery mildews and increased fruit yield per plant under commercial greenhouse conditions.
Moreover, it was found that K,HPO, triggered plant defense through a process involving the consequesting of
calcium from host tissue (Gottstein and Kuc, 1989), elicits the release of signal triggers the plant response and
makes the plant more responsive after subsequent infection (Mucharromah and kuc, 1991).K,HPO, also make
activities of chitinase and 3-1,3-glucanase ( Irving and Kuc,1990). K,HPO, increased activity of chitinase and R3-
1,3-glucanase of potato plants (Abd-El-Kareem et.al., 2002) by 163 and 117%, respectively, as compared with
control plants. Foliar application of cucumber with K,HPO, increased activity of chitinase and 3-1,3-glucanase
(Abd-El-Kareem 1998). Ascorbic acid was reported as plant resistance inducer in many plants (Zacheo et al.,
1977 Arrigoni et al., 1979 and Khan et al., 2001). Furthermore, Zacheo et al.,(1977) reported that the content of
ascorbic acid in plant tissues has been associated with resistance to some diseases. Similar results are recorded
in the present study that faba bean plants sprayed with ascorbic acid caused significant reduction in chocolate
spot disease under field conditions. Using ascorbic acid for controlling several plant fungal diseases was
reported by Koltunov, et al., (1984); Daisy et al.,( 2000); Shahda (2000) and Khan et al.,( 2001).
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Effect of chemical inducers on faba bean yield under field conditions:

The data presented in Table (3) and Fig. (3) show that all chemical inducers under study significantly
increased yield (g/m? compared with the untreated control throughout the two successive growing seasons.
Application of potassium carbonate and di-potassium hydrogen phosphate at 20mM had superior enhanced yield
production that produced 252.5 and 242.0 g/m?, followed by their application at 10mM that produced 227.5 and
215.5 g/m? over the untreated plants which produced 152.5 g/m?. The obtained yield 217.0 g/m? were recorded
in the fungicide treatment. Ascorbic acid application occupied the lowest yield increase in this regard which
recorded as 32.1 and 36.0% (Fig.3) at applied concentrations of 10, 20mM.

Table 3: Effect of applying some chemical inducers on obtained yield of faba bean.

Faba bean yield (g/m?)
Treatment Concentration First growing season Second growing season Mean
10mM 225 Db 230 b 2275
KHCO;4 20mM 250 a 255a 252.5
10mM 214 b 217b 2155
K, HPO, 20mM 240a 244 a 242.0
Ascorbic acid 10mM 200 c 203 ¢ 201.5
20mM 210¢c 205¢ 207.5
Redomil- plus 2g/L 215Db 219 b 217.0
Control 150d 155d 152.5

Means followed by the same letter are not significantly different at P < 0.05.

Although many studies have recommended the use of chemical inducers for controlling plant diseases, to
our knowledge, there has been little research on the adverse effects of these chemical inducers on plant growth
and yield, especially under field conditions. Furthermore, seeming inconsistencies in results have been observed
with respect to the effects of these inducers on crop growth and yield. In this concern, Aminuzzaman and
Hossain (2007) induced resistance in wheat with Bion (benzothiadiazole) and found that it caused a 53.3%
higher grain yield in comparison with the untreated control. An increase in yield was also apparent when
resistance was induced in barley by application of various chemical agents (Dehne, 1984). These results led to
the suggestion that, for field application of chemical elicitors of induced resistance, an important consideration,
in addition to their ability to control diseases, is to study their effects on growth and yield.

Effect of different concentrations of chemical inducers on chitinase activity in faba bean plants:

Faba bean plants sprayed with different chemical inducers resulted in a significant increase in chitinase
activity when compared with the untreated control (Table 4 and Figure 4)). For example, averaged about over 2
measurement times and compared with the untreated control

Application of Ascorbic acid, potassium carbonate and di-potassium hydrogen phosphate at 20mM had
superior enhanced chitinase activity that measured as 3.3, 3.4 and 3.5, followed by their application at 10mM
that measured as 3.1, 3.0 and 2.9 over the fungicide treatment an untreated plants which measured as 1.6.
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Fig. 3: Increase (%) in the obtained yield of faba bean in response to spraying with some chemical inducers.
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Table 4: Effect of spraying faba bean plants with some chemical inducers on chitinase activity.

Treatment Concentration Chitinase activity”
KHCO, 10mM 3.0b%®

20mM 34a
K, HPO, 10mM 29b
20mM 35a
Ascorbic acid 10mM 31b
20mM 33a
Redomil plus 2g/L 16¢
Control 16¢c

Means followed by the same letter are not significantly different at P < 0.05.
“Chitinase activity expressed as mM N-acetyl glucose amine equivalent released/gram fresh weight/ 60 min

In the present study KHCO; at 20 mM reduced the disease severity more than 74.3 % and increased the
yield by 64.5 % during two growing seasons. This result may be due to the antifungal activity of bicarbonate
and increasing the activity of chitinase enzyme of faba bean against fungal pathogen. Hypothesis have been
proposed for the inhibitory mechanisms of bicarbonates and oil as, Hydrogen ion concentration of bicarbonates
salts has been shown to have a profound inhibitory effect on sclerotia and conidia germination of S. rolfesii and
S. fuliginea respectively (Punja and Grogan , 1982 and Homma et al., 1981). Furthermore, film-forming
polymers may form a physical barrier on leaf surfaces against germ tube penetrations (Elad et al., 1989 and Ziv,
and Zitter 1992).

On the other hand the role of potassium bicarbonate in increasing crop resistance to diseases caused by
bacteria and fungi was widely reviewed by Perrenoud (1990). In general, potassium application improves plant
health and vigor, making infection less likely or enabling a quick recover (Perrenoud, 1990). Potassium
probably exerts its greatest effects on disease through specific metabolic functions that alter compatibility
relationships of the host-parasite environment and increases the production of disease inhibitory compounds,
such as phenols, phytoalexins and auxins around infection sites of resistant plants (Kiraly, 1976). In the present
study, results indicate that all treatments increased the chitinase activity. In this respect, 3-1,3-glucanases and
chitinases are able to hydrolyze 3-1,3-glucan and chitin, respectively, the major components of fungal cell walls
(Kauffmann et al., 1987, Legrand et al., 1987 and Abd-El-Kareem et al., 2004).

The obtained results in the present study appears that an urgent investigation of possible alternatives,
environmentally safe, bioactive natural products are able to control phytopathogenic fungi is possible.
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Fig. 4: Chitinase activity in response to spraying faba bean plants with some chemical inducers.
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